© 2007 International Press 

Adv. Theor. Math. Phys. 11 (2007) 0-24 



A mathematical framework 
for a standard theory 
using extended representations 
of paths and world lines 



B. H. Dunford-Shore 

12430 Tesson Ferry Road #203, Saint Louis, Missouri 63128-2702 
STANDPHYS@earthlink.net 

Abstract 

An analysis using a composition of currently-accepted theories is given. 
Starting with a synthesis of what may be generically termed "paths" , 
analysis of representations for these "paths" is developed. Foreground 
and background interactions are explicitly treated by using a local repre- 
sentation that treats the two representations equally and symmetrically. 
A restriction coupling from the global space-time representation to lo- 
cal interaction source terms is treated in terms of mass and charge cou- 
plings. Rewriting the connection in terms of the global manifold and the 
coupled terms yields compatibility with Dirac and Klein-Gordan equa- 
tions for electro- weak coupled particles and fields. Compatibility with 
currently-accepted theories that includes standard charge assignments, 
SU(3) confinement, and a definition for particle flavor generations is used 
to constrain and validate the composition and the analysis. 
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1 Introduction 

This paper will try to address the following question: to what extent is it 
possible to take the elements of currently-accepted theories that are exper- 
imentally verified and combine them to produce real, consistent physics? 
This assumes proceeding with the minimum possible usage of speculative 
higher symmetries and groups, dimensions, new particles, and fields. The 
idea is to combine existing elements in ways compatible with quantum field 
theory and general relativity to the extent that this is possible. 

Some key practices include: working with known symmetries and groups 
such as U(l), SU(2), SU(3), and S0(3), working with four or 3-1-1 dimensions 
so that a cross product is possible, working with a holomorphic, analytic- 
continuation representation, working with classical concepts such as phase 
and configuration space trajectories (paths) and world lines, and not as- 
suming any new particle or field content. It must be acknowledged that, 
currently, any composition of the key elements of accepted theories is, in a 
real sense, speculative in its own right. 

1.1 Synthesis 

It is already known that phase trajectories (also known as phase paths) and 
world lines are concepts that are compatible with each other [1]. The paths 
(or orbits or trajectories) of particles in space-time, their phase or configura- 
tion space paths, and world lines are different representations or aspects of 
the same thing. These can also be understood using the concepts of symme- 
try group (gauge) transformations and orbits. Another type of fundamental 
representation that is essential is field representations such as probability 
wave function representations. These and their associated machinery such 
as Lagrangians and Hamiltonians are all complementary methods that ex- 
press and manage different aspects or facets of what is being studied. 

Some other aspects that are important to consider are whether the rep- 
resentations are local or global, and whether the underlying representation 
(metric) is considered to be flat or curved. Analytic-continuation represen- 
tations and Wick rotations also provide means of representing and working 
with different aspects. The most realistic approach is to combine the usage 
of different methods and representations in ways that allow the different 
aspects to be handled best. 

To have the best chance of fitting different elements of current theories 
together, a generalized analysis will be given. The local representations will 
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be setup to maintain consistency with current theories. The relationships 
required by current theories will then be imposed. This allows for the best 
consistency with current theories while allowing for any implicit relationships 
between current theories to become manifest. 

Compatibility with the currently-accepted theories will provide constraint 
and validation for the development of the synthesis and analysis. The com- 
patibility of phase paths with quantum field theory, when used carefully, 
will be used as the basis for maintaining compatibility with both quantum 
field theory and general relativity. Analytic-continuation representations 
and Ashtekar's new variables [2] will also be assumed to help form a common 
basis between quantum field theory and general relativity. In the interest 
of brevity, the statement of the ties to currently-accepted theories will be 
restricted to the minimum necessary to constrain the analysis and validate 
compatibility. 



1.2 Path, representation, and combination approach 

The approach this paper will use will be to treat paths, orbits, trajectories, 
and world-lines of the various sorts such as phase, configuration, space-time, 
field, gauge group, or relativistic as similar entities whose representations 
capture the differences in the facets or aspects of the different entities. To 
this end, a synthesis that abstracts the treatment of "paths" and their "rep- 
resentations" will be done. The probability relations (functions and func- 
tional) for these entities are also an important aspect or facet. 

This approach starts by considering numbers to be capable of being de- 
composed into two "dual" parts-each part being tangent and cotangent 
four-dimensional representations. The next step is to consider merging these 
numbers together to create extended objects-but preferring that the num- 
bers be put together only if their representations merge together smoothly 
and continuously. These (complex) numbers are identifiable as system points 
and their extended objects as paths. The local representations are con- 
structed as symmetric, holomorphic, analytic-continuation representations 
so that either representation can be a foreground or background represen- 
tation. This allows full foreground and background (self) interaction to be 
present. The smooth merging of the paths and their local chart represen- 
tations allows these local charts to be "glued" together to form a global 
manifold solution[3]. The global manifold solution is a background repre- 
sentation that does not participate in the local foreground and background 
symmetry. The global manifold solution is given as a restriction of the 
holomorphic, analytic-continuation (symmetric) representation. 
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Permutations of the possible paths, the possible representations for the 
paths, and combinations and transitions of the representations constitute 
an initial local superset realm[4]. Not all of this realm can be effectively 
realized as (directly) observable solutions. We will follow the convention of 
calling the observable entities "effective" entities. Other entities we will call 
either "initial" or "local" entities. We assume initial entities have only local 
structure while effective entities have both local and global structure. 

For full foreground and background symmetry, holomorphic, analytic- 
continuation representations for the paths are introduced. Explicit map- 
pings between the conjugate representations is given. Local representation 
quantities are expressed conjugate to each other at each point but the phys- 
ical Hilbert structure is only imposed on the effective representation [4] and 
is not considered in this paper. Local interactions within and between these 
representations are explored. These representations are then mapped (re- 
stricted) to a target space-time manifold solution. 

When the combinatorial sum composition is taken, some global solutions 
have the possibility of separating so that they have no direct coupling to 
the local interactions. Most other global solutions do not have the local 
interaction coupling eliminated. The coupled remainder for the local inter- 
actions leads to what may be identified as mass terms. The particles have 
local interaction terms that couple to the mass unless they are capable of 
the cancellations necessary to decouple and to become independent of any 
mass terms (or other local coupled terms). 

1.3 Conventions 

We will not follow the convention of setting h = 1, c = 1, rrie = 1, etc. It is 
also part of the purpose of this paper to track the origin and combinations 
of the fundamental constants. That is easier to do when they are explicit 
in the equations. The range (dimensionality) of indexes will be specified in 
the paper when it is appropriate to assume a restricted range, except that 
the indices i and j are assumed to run from one to three. 

2 Paths (and trajectories and world lines) 

An essential ingredient in the mathematics for physics is the combination 
of entities that produce a (possibly complex) mimbcr or numeric (scalar) 
field as a result. The general form in mathematics is to map two entities 
to a number. The map of vectors V and differential forms tu to (possibly 
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complex) numbers Z,V : to ^ Z, will be the basic form considered here. The 
remainder of this section will state some general machinery for considering 
"paths". 

To analyze paths, start with an unordered set of complex numbers that 
does not contain zero: Z C C, ^ Z. Please do not yet think of these 
numbers Z as points as there is not yet an associated space or manifold. 
Consider different permutated subsets of the values in the set Z of X C Z, 
in which A 7^ 0. Define these (range) subsets as the images of diff^erent 
functions X{lj). Define the functional that is constructed by using a domain 
set consisting of all functions whose (range) images A are all the possible 
permutations of (domain) subsets of Z 

(1) A[n] = {X{io) |Vz, VA, z = X{io), z G A}. 

The A(u;) are then defined as path functions whose values are the complex 
numbers z in some permutation. There is not a priori a requirement for the 
values along a path X{uj) to be smooth or continuous-in the general case, 
they could jump around in any order and be discontinuous. 

The path element AA is a discrete numerical representation. The dif- 
ferential form dA represents an infinitesimal (continuous) piece of numeric 
path. For ease of notation, represent both AA and dA by dA and create a 
path 

(2) A„(u;) = ^ dA„(^)(da;„(„)) 

m 

in which n(m) is some different arrangement of the A. As defined so far, these 
paths are possibly very chaotic-allowing continuous and discrete changes 
along the path and different and incompatible representations of elements 
along the path. In the general case, the different representation spaces for 
each path element could include changes in scale, orientation, dimension, 
and structure such as algebra and groups. 

3 Representations 

Giving quantum field theory preeminent place, the probability representa- 
tion for a path will be considered to be a primary representation. The prob- 
lem of foreground and background representation interaction will next be 
explicitly addressed. Differential form representations arc considered next 
in importance with their particular representations constrained or validated 
by compatibility with current theory. 
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3.1 Probability amplitude functions 



For probability representations it is important to define probability ampli- 
tude functions and functionals. Define <&[A] as a functional whose domain is 
the set of functions that assigns complex probability amplitude images (the 
function's range) to each path A (the function's domain): 

(3) $[A] = {</.(A) I Vc,c = 0(A),cgC}. 

Allow the value of the probability amplitude to be everywhere zero for par- 
ticular paths A. In other words, some particular paths will be so pathological 
that they do not effectively exist. 



3.2 Foreground and background representations 

A key problem to address explicitly up-front is the problem of foreground 
and background definitions and their interactions. The goal is to try to treat 
the foreground and background representations equally and symmetrically. 
We will start as usual with local definitions called coordinate patches or 
charts [3]. Define V as the foreground component. Define du) in differential 
form as the background representation that has the conjugate coordinate 
basis These definitions are such that V : du ^ X and 

(4) *t(„m = V, 

where ^*(A) is the probability amplitude wave function of the entity that is 
to be represented. 

Now consider allowing a portion B of the foreground V = gsBVi to act 
on the background representation 

(5) ^HX)B^ = V,. 

Write B in differential form B = b(dLOB)'^'^B and write a combined holo- 
morphic, analytic-continuation representation using the conjugate of dcoB 

The use of a dimensional constant gs, placing, the representation on the 
imaginary axis, and/or usage of a group vector tb can be important to make 
sure that there is not inappropriate mixing of terms. If it is appropriate, 
then qb and tb can be set to one. 
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Another way of viewing this is that the "foreground" definition is a rep- 
resentation in its own right and to treat it symmetrically [5]. To this end, 
two local representations, dui and di02, will be introduced in which one 
can be thought of as a local foreground definition and the other as a local 
background definition-but with nothing (yet) selecting which one is which. 
This type of formulation allows us to try to simultaneously fit both the 
dwi and duj2 representations to smooth transitions. In the case that cji is 
a spatial coordinate, then included in UJ2 are conjugate momentum terms 
that correspond to translational transformations of loi and conjugate angu- 
lar momentum terms that correspond to rotational transformations of Wi. 
This program of extending the representations corresponds to a program of 
embedding the possible transformations of a representation into a larger, ex- 
tended representation. The internal and external transformations will also 
be embedded into extended representations with (gauge) fields providing a 
mapping restriction back to a restricted representation. 

Write a holomorphic, analytic-continuation representation in terms of co- 
ordinate patch bases 

d d . ^ d 
(7a) = ^ h igujTu,-^ — . 

or 

(7b) d = di + \g0jfid2. 

Quantum conditions can be assumed by excluding a region of the complex 
plane (which could be located at the origin). If an area of a particular size 
da;ida;2 is excluded from the complex plane, then the quantum condition 

(8) dujlduj^ > h/2 

has been applied (no summation on a-these are separate conditions). For 

classical conditions, cither take the limit as h goes to zero or scale up to a 
scale very much larger than h so that h lis effectively negligible (zero) . 

To highlight the key differences from the usual definitions, start by con- 
sidering a standard definition of a bundle B with manifold M., fiber V, and 
group Q. Next we see that for local, full symmetry we want a "bundle" 
with fibers Vi and V2-not the usual definition of a bundle. In the case that 
foreground and background symmetry is ignored, then Vi may be mapped 
to a (global) manifold M. and a standard bundle B results. 
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3.3 Transformations on holomorphic representations 

This subsection states some properties of transformations and gauge field 
representations of holomorphic representations [6]. Please consider external 
(group) transformations @s G Gs operating on the representation 

(9) D^ = e£d = e£idi + ig^TZd2). 

These correspond to the internal (conjugate) transformations that transform 
between ui and UJ2- These transformations are such that &£ : u\ ^ UJ2 or 
&S UJ2^ (jOi which, when summed (if possible) are 

(10a) f\uj2) = j eef{uJi)duj, 

and 

(10b) /(a;i) = J @£f'{L02)du2. 

If 9u} = 1) ''oi = 1) and the Qs transformations are U(l) external trans- 
formations e''^'^ that correspond to the internal (conjugate) transformations 
_^g±ia)2a;i ^j^gj^ (10a) and (10b) are Fourier and inverse Fourier transforma- 
tions as (internal) rotations in the complex plane. If the group structure of 
7^ corresponds to some group SU(N), of which SU(2) or SU(3) are used in 
this paper, then corresponding (internal) transformation equations for (10a) 
and (10b) may be obtained. 

Defining the "momentum" (gauge field) representation that is conjugate 
to the external transformations representation as B gives another form 
of representation 

(11) DB = d + igTB. 



3.4 Local and global representations couplings 

The preceding representations are local definitions. These are partial deriva- 
tives with no transition functions (yet) defined to other (local) derivative 
representations (coordinate patches or charts). For a global definition, a 
preferred background representation will have to be identified and (summed 
combination) transition functions and operations will have to be identified 
and used. 

The global representation is a (restriction) subset of the degrees of free- 
dom and interactions that can be present locally. When going from local to 
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global representations, some local (internal) symmetries or group transfor- 
mations may show closure-the group orbits within their phase or configura- 
tion volumes may be shrunk to "points" from a global perspective. The local 
interactions become hidden and some part of the system acts as a composite 
single entity. This means that not all quantities that are present locally are 
quantities that must be representable directly on the global representation- 
especially with full foreground and background interaction symmetry. These 
local representations can be written as a composite representation term e 
that couples to the global space-time representation. This coupling of a 
global manifold to locally coupled terms can be written as 

(12) ^*D^a^ ^^*Dx-^ + €{X) 

where e(A) are the local coupled terms and Dx^ = g^s are the coordinates 
of a global manifold. 

4 Local representations 

For two sets of entities uji and uj2 that have maps to numbers T : 0, ^ Z, 
define two complementary conjugate representations. Define a mapping on 
Vi to dA e dA„(^), 

(13) dwi : Vi dA, 

so that duiVi = dA, in which Fi G T and Vi ^ J7. Also define a mapping 
from V2 to a dA 

(14) V2 : duj2 dA 

so that V2da;2 = dA, in which V2 E ^ and V2 ^ T. The terms Vi and V2 are 

assumed to be complex vectors and the terms dc^i and duj2 arc assumed to 
be complex differential forms. They are assumed to have properties local to 

dA„(rre)- 

4.1 Differential form representation 

For each da; there are many possible choices for their representation as co- 
ordinate one-form representations 

(15) = u(r)dr 

with the numeric tuples u{^'^). In the general case, these different choices 
of coordinates could include differences in scale, orientation, dimension, and 
structure such as algebra and groups depending on different choices for ^. 
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Some relations that follow are: 
(16a) dA = Vdu = Vau{C)dC, 

which can be integrated to give 

(16b) A(o = J Vau{e)de, 

and whose derivative with respect to ^" can be taken to give 

(16c) ^ = vMn 

Using (3) gives 

(16d) 01 (A)-^ = (p^ {X)—^Vau{^ ), 

in which is a total derivative since (f) is only a function of A. In general, 

the (j){X) might be chosen to be in a form in which ^^^^^ contributes factors 
such as h and ±i. Unless stated otherwise, in this paper it will be assumed 
that 0(A) are in a form in which 

(17) *'(A)^^ = 1 
and 

(18) <p\\)D^a^{X) = cP\X)^ = VMO- 



4.2 Compatible representation assumptions 

For ease of notation, the representation of wi will be given as x" and the 
representation of U2 will be given as tt" and if the discussion applies to both 
equally, their representations will be referred to as The conjugate for %" 
will be given as Ka and the conjugate for tt" will be given as H". 

For compatibility, assume four dimensions for x", vr", and and all 
related dimensional quantities for the remainder of the paper. It is fairly 
standard to treat the four dimensions as 3+1 dimensions. Use the zero index 
for the separate dimension and give a and b the ranges 

(19) a, 6 = 0,1, 2, 3. 

For (for each of and vr"), arbitrarily pick one axis and assume a 
(scaled) identity alignment mapping within the different ^^'s. Assume the 
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functional derivatives between possible coordinate basis sets is 
(20) 9,^' = ^ 

(no summation), in which = 1, the a* are Pauli matrices, and the 
are a representation of SU(2). Assume Gell-Mann matrices Ai, A2, and A3 
that are isomorphic to the matrices a* and that belong to the group ^5(3) 
of SU(3) rotations on the axes. 

Since the zero axis was arbitrarily picked, there is a gauge transformation 
in SU(2) for the ^ basis that corresponds to multiplying through by an ele- 
ment of SU(2) to pick a different axis associated with the identity element. 
Designate by -7^ the set of SU(2) elements for this gauge transformation. 

The (x" and vr") bases are local to each point z with partial derivatives 
that commute and, therefore, locally flat metrics rjab- The possible metric 
signatures for are assumed to be [— , +, +, +] or [+, — , — , — ] is indexed 
from zero). These correspond (respectively) to the (x* and vr*) being 
positive definite and having a right-handed chirality or negative definite and 
having a left-handed chirality. 



4.3 Group closure restriction to idempotent basis 

Define the mapping Gg ■ C ^ C° so that 

(21) E H = ^Gsv,. 

The positive or negative sign comes from the metric signature and Gg is a 
new dimensional constant that ensures is a vector value. 

Using the rotation A„, identity combinations of the trivial representation 
can be constructed. The group trivial representation Aq = 1 is 

The group inverse representation A~^A„ = 1 gives 

(23) G/^^o = Gj'v^ ''Gsv^-^. 
The group closure representation XiXjXk = 1 gives 

(24) ^^D^o = -Gsv^ 'Gsv^ ^Gsv^ " , 



(22) 'D^o = -3. 
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in which i ^ j, j ^ k, i ^ k. The representation on that does not 
export a dependency on A„ (an interaction with A„) is the one whose group 
element is Aq. A subset representation of that does not have an exported 
dependency on Aa^o is the combination of the group identity as given by 
(22), the group inverse as given by (23), and the group closure as given (24). 
This is 

(25) D^o = ^D^o + ^^D^o + ^^D^o. 



4.4 Transformation based extended representations 

As given in section 3.3, transformations between the two representations 
dx and dir can be written as additional representations 

(26) 9^5 ^ L»B = 5 + igBT-^Bti. 

Including the U(l) identity orientation = 1, there arc four possible ori- 
entations between dx and dvr. Corresponding to the four there are 
different maps 0^ : dx <-> dvr, = {i?^, (fj} between and 

(27a) T;-i^=5^^^ 





and 



5£0 

(27b) = 9(C„ 

with corresponding vector potentials Ba and B"^. 

The translational transformations and rotational transformations for the 
target manifold coordinates will be assumed to already be included in the 
momentum conjugate to the target manifold coordinates. The SU(2) basis 
for uJii, has SU(3) transformations so that 

(28) Gfd^,i ^Df = d^,i + igFTFBp. 

The SU(2) basis for uj2i, also has SU(3) transformations so that 

(29) Gsd^,i ^Ds = dco,i + igsTsBs. 



To contain the scope of the paper, unless stated otherwise in the remainder 
of the paper, the restricted forms of (28) and (29) in the form given by (25) 
will be used. 
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4.5 Mapped representations 

A mapped representation can be written in terms of transformation fields 

as 

(30a) D\ = Q^iig^C^re^D^a + (^tf^?^)^^^^.], 

in which m G {0, 1}, n G {0, 1}, n m and 

(30b) = n^/^' e {??^, Cm}- 

This expresses one of the representations as a native representation and the 
other as a mapped representation. To preserve foreground and background 
symmetry by not writing a preferred form, write an analytic extension 

(31) D^a = D\ - iD^a 

by the use of (30a) and 

(32) D^a = e'^iig^C^r'e^^D^a + {g^^^f'rUD^a], 
in which it is assumed that the m ^ m! and n ^ n' . 

Equations (30b) and (31) allow transformations (rotations) between rep- 
resentations D-^a and D^a of -D'^a by taking the proper transformations 
and (which include the U(l) transformations of the form e'^) to give a 
transformed representation 

(33) D^'a = SQD^a, 

in which SQ is a functional transformation of 9^;^ and 9'^. 



5 Local coupled terms 

Up to this point, local, full symmetry has been considered with a "bundle" 
with fibers Vi and V2. At this point, consider mapping Vi to a (global) 
manifold Ai and a standard bundle B with manifold Ai, fiber V, and group 

g. 

If the phase and configuration spaces aR for this restriction to the bundle 
B are separable from the extended possibilities of the local, full symmetry 
ctR, then the properties of the bundle are intrinsic. If the phase and configu- 
ration spaces aR for this restriction to the bundle B are not cleanly separable 
from the extended possibilities (phase and configuration space a^) of the 
local, full symmetry, then the properties of the bundle will be considered to 
have remaining extrinsic terms e. This section will define terms e with the 
intrinsic and extrinsic possibilities built into the definition. 
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Define the unit configuration space volume clement as the volume element 
in which each dimension has a unit value of he for a volume element of 

aunit = {hc)^ . 

5.1 Local internal interaction coupling 

Designate "local internal interaction" (real) terms as 



in which ai and ctE are intrinsic and extrinsic configuration volume values 
and contains a dimensional coupling constant m to these terms. Assume 
m is scaled equal to the electron mass m = rUe- Assuming a velocity of c and 
scaling over a unit value of /ic, lets us assume the term is Em = • Assume 
the boundary of the configuration volume for a particular Dx'^ for intrinsic 
Lm{oiz) is such that the local coupled configuration volume is zero. In this 
case, the Dxt^ decouples from the local configuration volume so that ctj = 
and LM{oii) = 0. Otherwise, it is the case that / and LMip-^) = 1- 
The "local internal interaction" coupling term is then written as 



5.2 Local external interaction coupling 

Any global target manifold need not be aligned with a particular D'-'a cor- 
responding to Q^. Designate the local difference in alignment as a "local 
external interaction" alignment variance 



(34) 




= EmM{X)LM, 



(35) 




he 



M{\)lm- 



(36) 




in which 0e contains a dimensional coupling constant that is normalized 
over of 
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Assume = 1. The representation ahgnment couphng term is then 

(38) ee(A) = ±;^Q(A) 

The 0^ transformation is properly both positive and negative because it 
rotates between chirality~it rotates between metric signatures of [— , +, +, +] 
for D-^a and [+, — , — , — ] for Dt^u. 




5.3 Total local interaction coupling 

The total local coupled "local interaction" terms for <I>*Z)'^a$ is 
(39) e(A) = e„(A)e-^^ - iee(A)e%. 

The e(A) are coupled to $ by way of D^a but local fields do not have to go 
through this coupling to interact with other local fields. 



6 Global manifold 



Introduce entities x"^, pA, X"', P^, and Wa where X" and P^ are assumed 
to have diff'eomorphic, smooth, continuous transition functions on the inter- 
sections of the and pA- The x"^ and pA are, respectively, tangent space 
and cotangent space effective representations of the smooth, continuous, ef- 
fective phase path solutions A(X, P) G Z. The X" arc the coordinates of the 
global manifold solution and are a transform solution from the x^, which 
are variants of the x". The Wa are the equivalent transformation from the 
Ba that map to x^ instead of to and tt". Equations equivalent to (13) 
and (15) for X°- are a mapping from X to Z of 

(40a) X -.P^ Z 

so that XP = Z with a representation of 

(40b) X = {X" I X" = 5(X")dX",5(X") G C} 

and the numeric tuple g{X°-). 

Assume there is an isomorphism cr^ ax and that the iax are the 
generators of the group SO (3) of rotations on the X* axes. We will use the 
standard convention for writing the x coordinate representation 

(41) D^. = rda = r^^, 
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with the manifold coordinate representation written as 

(42) Dx-^ = rdxa = 7": ^ 



in which 7 = <j (8) ax are the Dirac matrices and is a factor from (33) . 

Equations equivalent to (16a), (16b), and (18) for X" and P are (where 
e"^ are x"^ orthonormal frame sets) 

(43a) e^dA = P^dX", 

(43b) e^\{X,P) = J P^g{X'')dX'', 

and 

(43c) eV(^,P)^^g^^=5(X'^)P„^. 

Writing the distance along an effective phase path as a world line as 
(44a) ds^ = dX*dX = g*{X'')g{X^)P*'^P^r]ABdX*''dX^ 

gives 

(44b) ds^ = gabdX*''dX\ 

in which the metric has the form [2] 

(44c) ga, = g*{X'^)g{X'')P*^P,f7^AB 

and P^ is in the form of an Ashtckar tetrad "soldering form" that links 
to the neighlborhood of tangent spaces xa that define the manifold value 
of Xa- Because a neighborhood X" of the manifold may be composed of 
multiple coordinate patch sets of (x", Pa), P^ can represent a value that is 
not on the mass-shell. 

6.1 Composite coupling 

The restriction to a background manifold derivative fixes the direction of 
Wa and transforms and to the coupled "local interaction" 

(45) ^*D^a^ ■^*D^a^ + ^*{D^a-iD^a)^ 

= ^*D^a^ + e{X), 

so that (using (39)) 

(46) ^*iD-^a - ^D'^a)^ = em(A)G-^, - iee(A)e^. 
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6.2 Internal interaction coupling 

Using (30a), the real part transforms (restricts) as a variation of to give 
the manifold and a term em(A) = "^*D'^a^ in which 

(47) e™(A)e^, = $*(?.„ i^x" + g^^u^T^'D^a)^ 
so that m = 0, n = 1. An alternate transform is 

(48) en,{X)e^u = 'i>*[9s^u^{9(;C\^'Dxa + r^iL>^«)]$ 

so that m = 1, n = 0. Fix the gauge of the corresponding gauge field Za 
by assuming a gauge fixing transformation -di^^ — 0, Q^i, = 1. Using (35) 
gives 

2 

7TIC 

(49) e„(A) = <^\,,D^a^ = —M{X)iM. 



6.3 External interaction coupling 

Using (32), the imaginary part transforms (restricts) to give 

(50) ee(A)e^, = ^*[g^i9,,{g^Cu,'^^'W^a + r-^D^a)]^ 
so that m' = 1, n' = 0. Rewriting using (38) gives 

(51) Yc^^^^'^ " ^*[gi){gcCu2^^^D^'^ + T^^D^a)\<^, 
in which the gauge field Aa is introduced as 

(52) e^, = i?,3 = 7M„. 

7 Standard Model compatibility 

This section will establish compatibility with the Standard Model in terms 
of electroweak fields, charges, and Dirac and Klein-Gordon equations. 

7.1 Interaction field 

Arbitrarily assigning the index 1 location and the index 2 location, 

the new Wa may be given as 

(53a) Wii = {Aa,W-,Wt,Za), 

in which the Standard Model form[7, 8, 9] is assumed: 

(53b) Aa = sin ewSl + cos ewB^, 
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(53c) = ^i^, 

and 

(53d) Za = cos ewBl - sin OwB^. 

It is reasonable to assume Aa has the form 

(54) A.(J2 

so that, using (35), it is massless 

(55) A„(J »)mA) = a(J 2)=^MW(;)=0. 

Charge is a perpendicular transformation (rotation) in the direction of 
the local axis D^a, with eg (A) and Aa having perpendicular rotation in the 
direction of that axis, and with Aa centered (gauge fixed) at zero. The Aa 
has zero net charge and has a rotation alignment of zero with respect to 
the X manifold. The Aa is four-dimcnsional and has no mass coupling from 

(55) . Mass is along the local real axis D'^a, with emi^) and Za along that 
axis, and with Za displaced from zero. The Za has no charge coupling and 
has a mass. The are along, and off-axis, for both axes. The have 
a charge coupling and have masses. The Wa , its antiparticle W~ , and Za 
can be easily shown to couple to mass using (35). 

It is possible that the preceding description does not preserve complete 
Lorentz invariance, but SIM(2) plus strong CP preservation (local Lorentz 
invariance) as given in Very Special Relativity[10] should be preserved. 

The assignments that implement what has just been discussed are to 

assign gA = and set C''" = C°, = C = C^, ^'^^ = and t^^ = r^. 
Rewriting (49) with these assignments gives 

2 

—t Tnc 

(56) em{X) = ^\^D^a^ = -^M{X)iM. 
Rewriting (51) with these assignments gives 

(57) ^'5(A)tQ = $*(5A5cCV3^x<' + QAT'^D^a)^. 

The new "direction" of Wa is set relative to x^. Since D^-a is a variation 
(restriction transformation) of D-^a , assume 

(58) $*5Ar°$ = \(\ 
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7.2 Weak mixing angle 



The (restriction) transform from Ba to Wa goes from groups SU(2) to 
SU(2)/U(1) with a preferred duality rotation direction e. The charge e 
is a scale factor with respect to ^w^-the g' /g set the direction of Ow and e is 
the (inverse unit) magnitude along the direction. The charge e then effects a 
scaling to make it a partial (restriction) transformation instead of a complete 
(restriction) transformation. The charge is then as given in the Standard 
Model as = g"^ sin^ 9w with directions sin^ 9w = ^ lo^-, cos^ Qw = 
and tan^ 6w = g'^/g^ in which sin^ 6w is the Standard Model[7, 8, 9] weak 
mixing angle. 



7.3 Charge assignments 

Using (57) and (58) lets us write 



(59) r9.r»Z>,.#=-ii ; =i| -f I, 



1 



2 



in which there is a change of sign for $*D^o$ due to the sign of the metric 
of TT. Writing the term for D^i with a factor of | to account for the three 
terms of tt* gives 



1 1 e / 1 \ e 



1 



(60) **9--°^-*=3 2B;(i j = te(| j- 

Using (57) allows us to write 

(61) *w^o..*=~(_;)=^(4). 

Using (57) and (61) and using (59) for leptons and using (60) for quarks 
then gives Standard Model compatible charge assignments: 



• A charge for leptons 
(62) Q{Xso)lq =(:!) + 

• A charge for quarks 



1 \ / I 

! 
2 




-1 



(63) Q{X^i)tQ ={ \ ) + ( \) = ( f 



6 / \ 2 / \ 3 
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7.4 Dirac and Klein-Gordon equations 

The restriction transformation (45) may be rewritten as 

(64) ^*D^a^ **-Da*, 
in which 

2 

771 C S 

(65) Da = D^a + —M{X)tM - h''Aa—Q{X)tQ. 

nc nc 

Substituting (62) into (65) gives, for leptons, 

(66) ,^.=,«a. + !=^M(A)(;)-i.M4(_;). 

Sphtting (66) into its two parts gives a neutrino equation, 

(67) ^*D^a^ = **7"5a*, 

and an clcctron-Hke equation (in which D^a stands for all three "electron- 
like" particles), 

2 

777 C P 

(68) = ^'*(7"5a + -J^^W + 

This shows that the three neutrinos can decouple and the electron, muon, 
and tauon do not. The coupled local interactions e(A) are seen to contain 
all of the source terms. 

The equation for the global derivative is (a type of Dirac equation[ll]), 
from (65), 

2 

IP TtlC 

(69) ^*Da^ = ^*[r{da - ;^g(As)^a) + -^m{K)]^ , 

in which q'(As) are allowed combinations of Q{X^o) and Q{X^i) and m{XK) 
are allowed combinations of M(A). When dealing with the group inverse 
terms of tt (scalar equations), a Klein-Gordan form is more appropriate: 

2 2 4- 

P 777 C 

(70) ^*DlDa^ = ^*idl + ^9(As)^^^ + -^rn{X,?)^. 



8 Totals and time 



So far in this paper, care has been taken to not identify any particular di- 
mension or variable as time. The 3+1 dimensions and group structures that 
have been used so far are compatible with the selection of a preferred time 
dimension but full symmetry has been maintained. Some sort of parameter- 
ization of the paths in terms of an explicit separate parameter or in terms of 
time could be assumed to allow usage of the functional path integral[12, 13]. 
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This is done to make sure that the integrals are well defined and do not di- 
verge. 

For the path representation overlap to be smooth, the paths must be prop- 
erly ordered and joined together in sets of eompatible "histories" . Also, for 
the overlap to be smooth, the transition functions for path representations 
must be smooth or differentiable. Another way to put this is that the path 
representations must be diffeomorphic at the overlap. If the path represen- 
tations are (indirectly) diffeomorphic to a common representation then that 
establishes a diffeomorphic relationship between them. The diffeomorphism 
of the common representation to a total derivative such as time helps to pa- 
rameterize and order the permutations of the paths. The presence of a total 
derivative such as time implies smoothness and continuity of representations 
and paths that select for permutations of paths that are effective. There- 
fore, the paths that cannot be parameterized in terms of a monotonieally 
increasing parameter must be excluded from the set of considered paths. 

8.1 Composite entities 

The configuration volume can contain products of terms such as X^ai^"" and 
A,raS"- Constructing enclosed configuration subspaces for these give the 
terms defined in (23) and (24). It is possible to assume X^a and Xt^u are 
confined symmetries by assuming that the external transformations G^^^ do 
not project A^aK*^ and AjraS" onto the underlying basis-that these terms 
disappear in the restriction projection 

(71) e^K" = 0, a^O 
and 

(72) e^S« = 0, a 7^ 0. 

The content of this assumption is that the external transformations 
interact only with the zero-indexed terms and EP. 

The following dimensional basis-state constructs are then possible: 

• A four-dimensional configuration consisting of only (x", p""). The local 
configuration volume coupling e(A) is zero. 

• A five-dimensional configuration consisting of the (x", p") and also 
e(A) coupled to the (S*^, k^) terms. 

• A seven-dimensional configuration consisting of the (x", p"-) and also 
e(A) coupled to the (S*, k*) terms. Combinations of the (S*, k*) terms 
are first mapped to the (H", k^) terms by (combinations of) group 
inverse and group closure restrictions. 
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• Combinations of the terms {E"-, k") that do not map or couple to the 
(x", p") and are therefore hidden, local transition terms. 

If the e(A) are zero, then time and energy are intrinsic and the repre- 
sentation is four-dimensional. If e(A) is not zero then, then effectively the 
representation has more than four dimensions. The EP and constitute 
part of a five-dimensional representation. The and and their group 
inverses and group closure restrictions constitute a seven-dimensional repre- 
sentation mapped to five dimensions and then coupled to four dimensions. 

The terms ^D^o , ^^D^o , and '^'^D^o are compatible with characterizing dif- 
ferent flavor or generation terms. The ^D^o term is assumed to correspond 
to the first generation particles (electron, electron neutrino, and down and 
up quarks). The '^^D-^o term is assumed to correspond to the second gen- 
eration particles (muon, muon neutrino, and strange and charm quarks). 
The '^^Dx° ^6^°^ is assumed to correspond to the third generation particles 
(tauon, tauon neutrino, and top and bottom quarks). 

The terms ^D^o, '^^D^o, and '^'-^D^o are compatible with leptons, mesons, 
and baryons respectively. 

8.2 Energy 

Assume in the standard way that there is a representation (restriction) 
where the coordinate is diffeomorphic (with a Wick rotation) to the 
total derivative-that the coordinate is diffeomorphic to time = ic. 
Assume its dual P'^ is equal to the total energy 



Using (70), (43c), (44c), and (73), assuming the gauge condition A^ = 0, 
and setting (70) equal to a constant 



(73) 



iE/c. 



(74) 



1 



Ac = ^*DlDa^ 



gives 



(75) 




2 4 

„ m c , , , 



E'' +g{XifP^Pi + 



2 4 

m c 
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If5(X„) = i,then 

1 1 771 ^ 

or 

(77) E'^ + Ac = P'PiC^ + m'^c^m{\f. 

For the neutrino, this becomes E"^ = P^PiCp — Ac- For the electron, this 
becomes E^ = P^PiC^ + mlc^ — Ac. Using a Wick rotation Ac = ici?, gives 
the standard form needed for the convergence of the path integral[14]. 

9 Discussion 

This paper has demonstrated a holomorphic representation that is compat- 
ible with general relativity and Dirac and Klein-Gordon equations. An in- 
terpretation that is compatible with Standard Model group structure, fields, 
charge assignments, and particle content has also been shown. 

Time is introduced on the physical restriction (effective) representation 
but full four-dimcnsional covariance and group structures are maintained 
on all of the ""underlying" (local and analytic continuation) representations. 
The local foreground and background conjugate symmetry, when restricted 
to the effective (physical) representation is seen to be able to impose the 
proper properties and structure on the spacetime manifold and its conjugate 
particle content. 
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